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ABSTRACT
Background: Despite improvements in air pollution,
the prevalence and incidence of bronchial asthma,
which has attracted a great deal of attention in relation
to air pollution, is tending to increase in Japan as well
as worldwide. Severe air pollution conditions currently
exist in China due to sulfur dioxide and particulate
matter, resulting from coal burning and motor vehicle
exhaust gases associated with the rapid increase in the
number of vehicles.
Methods: Using the same questionnaire in China 
and Japan, we conducted a comparative study of 
the prevalence of various respiratory symptoms
among schoolchildren in Anshan (n = 4395), Taiyuan 
(n = 3784 in 1997; n = 3995 in 1999) and Chengdu
(n = 7795 in 1991; n = 3000 in 1998) in China 
and in Yokohama (n = 4161) in Japan. The pollution
concentrations in the survey area of China resembled
the concentrations observed in heavy industry areas in
Japan in the 1970s.
Results: Comparisons between schoolchildren in
Japan and China showed that the prevalence of per-
sistent cough and persistent phlegm (persistent
congestion and phlegm) was higher among school-
children in China (e.g. the prevalence of persistent
cough in boys in China was 2.4–8.1%, whereas the
rate was only 2.1% for boys in Yokohama), whereas
the prevalence of wheezing and asthma-like symp-
toms was higher among schoolchildren in Japan 
(e.g. the prevalence of asthma-like symptoms was
0.2–1.8% for boys in China, whereas this rate was
9.6% in Yokohama, Japan).
Conclusions: If China follows the same path as
Japan, that is, proceeds with conversion from coal to
oil as its primary energy source, the popularization of
motor vehicles and chemical contamination of food,
housing and clothing, there is a risk that the preva-
lence of bronchial asthma in Chinese children will
increase in the same way as it has in Japan. It is hoped
that research will be conducted to determine the cause
of the increases in bronchial asthma in Japan and 
that preventive measures will be established so that
Chinese children do not repeat the experience of
Japanese schoolchildren.
Key words:  Chinese children, Japanese children,
prevalence, respiratory symptoms, schoolchildren.
INTRODUCTION
Because almost all air pollutants are respiratory irritants,
increases in air pollution have been associated with many
reports of increases in the incidence of persistent cough,
persistent phlegm and persistent cough and phlegm, 
and adverse effects on pulmonary function. Guidelines 
and environmental standards for sulfur dioxide (SO2),
suspended particulate matter (SPM) and nitrogen dioxide
(NO2) have been established based on results of epi-
demiologic studies in order to protect human health 
from air pollution.
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Because of a delay in pollution-control measures, the
rapid economic development in Japan after World War II
was associated with severe environmental pollution and
there has been a history of major social problems as a
result of the outbreak of severe environmental diseases 
in the 1970s, including Minamata disease, caused by
organic mercury pollution of sea water, Itai-Itai disease,
caused by cadmium pollution of rivers, Yokkaichi asthma,
caused by sulfur oxide (SOx) air pollution and chronic
arsenic poisoning by arsenic pollution of air and water.1
As a result of subsequent environmental pollution-
control measures, the concentrations of SOx and dustfall
decreased dramatically, the prevalence of Yokkaichi
asthma and the incidences of persistent cough and
phlegm in other regions have diminished and there have
been no outbreaks of other environmental pollution-
related diseases.
Nevertheless, despite the improvements in air pollu-
tion, the prevalence and incidence of bronchial asthma,
which has attracted a great deal of attention in relation to
air pollution, is tending to increase, and this tendency has
occurred worldwide.
Severe air pollution conditions currently exist in China
due to SOx and suspended dust due to coal burning and
motor vehicle exhaust gases, associated with the rapid
increase in the number of motor vehicles. Therefore, in
the present study, we used the same questionnaire sheet
to conduct a comparative study of the incidence of
various respiratory symptoms in China and Japan.
METHODS
Questionnaire sheet
A questionnaire drawn up by the Environment Agency2 by
modifying the ATS-DLD78 questionnaire on respiratory
symptoms3 to conform to the actual circumstances pre-
vailing in Japan was used, and this questionnaire was
translated into Chinese for use in China.
Selection of schools and air pollution
concentrations
Areas having different concentrations of air pollutants
were selected and elementary schools that were within a
radius of 5 km of the general ambient air pollution mon-
itoring station in each area were selected. Sulfur oxide
was measured by the electronic conductivity method,
NO2 and nitrogen oxides (NOx) were measured by the
Saltzman method,4 total suspended particulate matter
(TSP) was measured using a high-volume air sampler and
SPM was determined by the light-scattering method.
Survey method and survey period
The survey was conducted by distributing questionnaires
to all grade 1–6 children in the elementary schools in
wintertime, having the children’s families fill the ques-
tionnaires out and then collecting the completed
questionnaires. Only children who had a residency
history of 3 years or more were used as subjects for analy-
sis. The survey was conducted in Anshan in 1997, in
Taiyuan in 1997 and 1999, in Chengdu in 1991 and
1998, and in Yokohama in 1991.
Symptom classification
The incidence of the following symptoms were calculated
from combinations of the items on the questionnaire.
Persistent cough
Persistent cough was recorded as being positive in subjects
who answered ‘Yes’ to either ‘When you catch a cold, do
you always cough?’ or ‘Do you always have a cough, even
when you don’t have a cold?’ and who, in addition,
answered ‘Yes’ to ‘Do you also cough almost every day 
(4 days a week) for 3 or more months of the year?’
Persistent phlegm (persistent congestion and phlegm)
Persistent phlegm was recorded as being positive in sub-
jects who answered ‘Yes’ to either ‘When you catch a
cold, is your chest always congested or do you have
phlegm?’ or ‘Is your chest always congested or do you
always have phlegm, even when you don’t have a cold?’
and who, in addition, answered ‘Yes’ to ‘Is your chest
congested or do you have phlegm almost every day 
(4 days a week) for 3 or more months of the year?’
Asthma-like symptoms
Asthma-like symptoms were recorded as being positive in
subjects who answered ‘Yes’ to any of the following ‘Have
you ever had an attack in which your chest wheezed 
or hissed, and you suddenly became short of breath’,
‘Have you had an attack like that two or more times?’,
‘Has a doctor ever told you that you have asthma,
asthma-like bronchitis or childhood asthma?’, ‘At that
time, did you make sounds like wheezing or hissing when
you breathed?’, ‘At that time did you become short of
breath with wheezing or hissing?’
Asthma-like symptoms at present
Asthma-like symptoms at present were recorded as being
positive in subjects who answered ‘Yes’ to either the
above attack (symptoms) in the past 2 years: ‘Did you
make wheezing or hissing sounds when you breathed?’
or ‘Did you get short of breath, with wheezing or hissing?’
or ‘Have you received treatment for asthma, asthma-like
bronchitis or childhood asthma during the past 2 years?’.
Wheezing
Wheezing was recorded as being positive in subjects who
answered ‘Yes’ to either of the questions ‘Have you ever
made wheezing or hissing sounds when you breathed?’ or
‘Have you made wheezing or hissing sounds when you
breathed two times or more in the past 2 years?’; those who
were positive for ‘asthma-like symptoms’ were excluded.
RESULTS
Survey areas and air pollutant concentrations
The concentrations of the air pollutants in each of the
survey areas are shown in Table 1. The pollution con-
centrations in the survey areas in China resembled the
concentrations observed in areas of heavy industry in
Japan in the 1970s.5 Although direct comparisons of the
concentration of NOx in Japan and China are impossible
because the concentrations are expressed in p.p.m. in
Japan and in mg/m3 in China, the differences in NOx
concentrations do not appear to be as great as for SO2
concentrations. Moreover, in Japan, concentrations of
particulate matter have been measured as SPM of no
more than 10 µm, whereas in China they have been
measured as TSP. While direct comparisons between
these values cannot be made, even using approximate
calculations according to the formula TSP = SPM × 1.4,
the concentrations of particulate matter in China appear
to be considerably higher than in Japan.
RESPIRATORY SYMPTOMS IN SCHOOLCHILDREN 305
Table 1 Concentrations of air pollutants according to survey area in China and Japan
SO2* NO2 NOx TSP SPM
mg/m3 p.p.m. (p.p.m.) mg/m3 p.p.m. (mg/m3) (mg/m3)
Anshan (average of annual means from 1992 to 1996)
Industrial area 0.183 0.064 0.100 0.569
Residential area 0.099 0.035 0.073 0.193
Rural area 0.047 0.017 0.044 0.097
Taiyuan (average of annual means from 1992 to 1996)
Industrial area 0.203 0.071 0.062 0.593
Commercial area 0.606 0.212 0.091 0.681
Residential area 0.205 0.072 0.060 0.557
Rural area 0.119 0.042 0.047 0.355
Chengdu (average of annual means from 1986 to 1990)
Industrial area 0.086 0.030 0.072 0.384
Residential area 0.096 0.034 0.066 0.340
Rural area 0.020 0.007 0.020 0.188
Chengdu (average of annual means from 1991 to 1995)
Industrial area 0.068 0.024 0.070 0.400
Residential area 0.067 0.023 0.050 0.347
Rural area 0.038 0.013 0.030 0.222
Yokohama (average of annual means from 1986 to 1990)
Industrial area 0.012 0.040 0.078 0.051
Residential area 0.011 0.029 0.050 0.041
Rural area 0.007 0.029 0.052 0.046
*Note, 1 p.p.m. = 2860 µg/m3.
TSP, total suspended particles; SPM, suspended particulate matter.
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Table 2 Number of subjects and respiratory symptom rates by survey area
Sex No. Persistent Persistent Asthma-like symptoms Wheezing
subjects cough (%) phlegm (%) present (%) (%)
Anshan 1997
Industrial area M 655 8.9 6.1 1.7 2.9
F 668 7.8 5.1 1.2 4.2
Residential area M 482 7.9 5.6 2.5 2.3
F 471 6.8 3.0 1.1 1.9
Rural area M 737 7.5 5.6 1.5 3.5
F 710 4.9 3.4 0.6 2.4
Total M 1874 8.1 5.8 1.8 3.0
F 1849 6.4 3.9 0.9 2.9
Taiyuan 1997
Industrial area M 347 4.3 1.7 0.9 2.3
F 314 2.2 0.6 0.0 2.2
Commercial area M 498 2.2 0.6 0.6 2.2
F 503 1.4 0.2 0.2 1.0
Residential area M 440 1.4 0.5 0.5 2.3
F 419 1.9 1.0 0.7 2.4
Rural area M 433 2.3 1.4 0.0 1.6
F 370 2.2 1.4 0.0 1.1
Total M 1719 2.4 0.7 0.5 2.1
F 1606 1.9 1.4 0.2 1.6
Taiyuan 1999
Industrial area M 332 3.6 1.8 0.0 1.2
F 317 1.9 1.3 0.0 2.2
Commercial area M 466 4.5 3.2 0.6 3.6
F 495 4.2 4.0 0.2 2.8
Residential area M 496 2.6 2.0 0.0 4.0
F 459 3.7 2.2 0.2 2.8
Rural area M 405 1.7 1.2 0.2 0.5
F 351 1.1 0.9 0.0 0.9
Total M 1699 3.1 2.1 0.2 2.5
F 1622 3.0 2.3 0.1 2.3
Chengdu 1991
Industrial area M 955 5.3 3.6 1.9 2.5
F 1002 3.9 3.2 0.7 1.5
Residential area M 896 3.7 3.0 1.1 3.1
F 955 4.3 3.1 1.1 2.6
Rural area M 1119 2.8 2.3 1.4 1.9
F 1069 2.5 2.9 0.6 2.2
Total M 2980 3.9 3.0 1.5 2.5
F 3026 3.5 3.1 0.8 2.1
Chengdu 1998
Industrial area M 370 4.9 2.2 1.1 1.9
F 363 4.1 1.4 0.3 1.1
Residential area M 417 4.6 2.9 2.6 1.9
F 473 2.5 1.7 0.8 0.8
Rural area M 335 4.5 1.8 0.9 2.4
F 374 3.5 1.9 0.5 1.6
Total M 1122 4.6 2.3 1.6 2.0
F 1210 3.3 1.7 0.6 1.2
Yokohama 1991
Industrial area M 411 2.7 1.2 9.5 11.7
F 361 1.4 0.8 6.4 10.0
Residential area M 599 1.7 0.8 10.9 15.5
F 579 0.9 1.0 6.2 10.5
Rural area M 639 2.2 1.1 8.5 13.5
F 612 1.0 0.5 4.9 7.4
Total M 1649 2.1 1.0 9.6 13.8
F 1552 1.0 0.8 5.7 9.1
Schools, children, and reply rates
There were 4395 schoolchildren surveyed in Anshan,
3784 children were surveyed in Taiyuan in 1997 and
3995 children in 1999, 7795 children were surveyed in
Chengdu in 1991 and 3000 children in 1998, and 4161
children were surveyed in Yokohama. The reply rate was
98.3% in Anshan, 98.3% in Taiyuan in 1997 and 98.0%
in 1999, 96.5% in Chengdu in 1991 and 99.3% in
1998, and 94.1% in Yokohama. The number of children
residing in an area for 3 years or more among those who
replied is shown in Table 2.
Incidence of respiratory symptoms
The incidence of the respiratory symptoms according to
sex among those residing in an area for 3 years or more
is shown in Table 2. The incidence of respiratory symp-
toms tended to be higher in industrial and commercial
areas than in rural areas in both Japan and China.
Comparisons between schoolchildren in Japan and
China showed that the incidence of persistent cough and
persistent phlegm (persistent congestion and phlegm)
was higher among schoolchildren in China, whereas the
incidence of wheezing and asthma-like symptoms at
present was higher among schoolchildren in Japan.
Similar tendencies were seen for both boys and girls and
the incidence of respiratory symptoms in boys is shown in
Fig. 1.
Odds ratios (OR) for the prevalence of respiratory
symptoms in relation to air pollution were calculated for
SO2, for which measurement methods and units of con-
centration were the same in China and Japan. Significant
OR were observed for persistent cough in girls living in an
industrial area in Anshan (OR 1.57; 95% confidence
limits (CL) 1.04–2.39; P < 0.05); for wheezing in boys
living in commercial (OR 7.38; 95% CL 1.71–31.78; 
P < 0.01) and residential areas (OR 8.16; 95% CL
1.92–34.72; P < 0.01) in Taiyuan in 1999, for persistent
cough in girls living in commercial (OR 3.72; 95% CL
1.28–10.75; P < 0.01) and residential areas (OR 3.25;
95% CL 1.10–9.57; P < 0.05) in Taiyuan in 1999 and
for persistent congestion and phlegm in girls living in a
commercial area in Taiyuan in 1999 (OR 4.72; 95% 
CL 1.41–15.78; P < 0.01); for persistent cough in boys
living in an industrial area in Chengdu in 1991 (OR
1.90; 95% CL 1.23–2.95; P < 0.01) and for persistent
cough in girls living in a commercial area in Chengdu in
1991 (OR 1.70; 95% CL 1.05–2.74; P < 0.05). No sig-
nificant OR were observed for any respiratory symptoms
for school children living in different areas in Yokohama.
DISCUSSION
Almost all epidemiologic surveys conducted in Japan
from the late 1960s through to the early 1970s, when
SOx and SPM associated with combustion of high-sulfur
coal and oil were present in relatively high concentra-
tions, revealed associations between the incidence of
persistent cough and phlegm, which are epidemiologic
indicators corresponding with the basic symptoms of
chronic bronchitis. There is one report that suggests a
dose–response relationship between air pollution and
health effects.6 In an epidemiologic survey performed in
the environs of Osaka beginning in 1960, the smoking-
corrected incidence of persistent phlegm in adult males
was reported to be more than 10% in the highly polluted
area.7 However, there were no reports of surveys investi-
gating the incidence of persistent cough and phlegm in
schoolchildren based on the adult definitions of persistent
cough and phlegm and, according to the results of a
survey performed on approximately 600 000 school-
children in Osaka Prefecture in 1971,8 approximately
13% of children in the area with an annual mean SO2
concentration of 0.058 p.p.m. answered ‘Yes’ to the
question ‘Do you cough a lot?’ and approximately 2.8%
answered ‘Yes’ to the question ‘Do you sometimes
wheeze and hiss even when you don’t have a cold?’ High
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Fig. 1 Prevalence of each respiratory symptom (, asthma-
like symptoms; , wheezing symptoms; , persistent cough;
, persistent phlegm) in boys according to city.
concentrations of SOx and large-diameter SPM cause
chronic airway inflammation (chronic bronchitis) in areas
of the trachea and bronchi endowed with an abundance
of bronchial glands, inducing chronic (persistent) exces-
sive secretion of airway mucus, which, in turn, manifests
as persistent phlegm. The marked reduction in the
concentration of these air pollutants as a result of air
pollution control measures has been associated with a
decrease in the incidence of persistent phlegm and, in an
epidemiologic survey of 200 000 persons nationwide 
in Japan conducted by the Environment Agency from
1980 to 1984,9 the age-adjusted incidence of persistent
phlegm in adult males was in the range 1.3–4.1% and
averaged 2.5%. In a survey of approximately 120 000
schoolchildren at the same time,9 the incidence of per-
sistent cough in boys was in the range 0.7–3.5% and
averaged 1.8%. The incidence of persistent phlegm 
(persistent congestion and phlegm) was in the range
0.1–2.7% and averaged 1.2%, whereas the incidence of
asthma-like symptoms at present was in the range
3.0–8.4% range and averaged 4.6%. Based on these
findings, the reason why the incidence of persistent cough
and persistent phlegm in schoolchildren in China is
several-fold higher than in schoolchildren in Japan
appears to be because these symptoms are caused by
these pollutants and the concentrations of SOx and SPM
observed in China are comparable to those observed in
Japan from the 1960s to the 1970s.5
Dose–response relationships between SO2 concentra-
tions and the incidence of persistent cough and phlegm
are not always seen when the number of survey areas 
is small. When the areas are different, a considerable
range of incidences is often seen, even at similar concen-
trations of pollutants. However, when there are numerous
survey areas, a concentration–response relationship is
observed overall. This shows that other factors besides air
pollution, such as indoor pollution, climate factors and
socioeconomic factors, also contribute to the incidence
of persistent cough and phlegm. In the present survey, 
the fact that the incidence of persistent cough etc., in the
commercial areas of Taiyuan was not very high, despite
the high concentrationof SO2, is inferred to mean that
major unknown factors besides air pollution were respon-
sible for the lower incidence, because similar results were
obtained in a repeat survey in 1999.
In contrast, the incidence of asthma-like symptoms was
shown to be twice as high among Japanese school-
children as it is in Chinese schoolchildren. The reason for
the low incidence of asthma-like symptoms in Chinese
schoolchildren is thought to be due to differences in diag-
nostic standards. However, the incidence of wheezing
was also lower in Chinese schoolchildren and because
blood studies we undertook yielded a mean total IgE
value of 99 U/mL in 95 first graders in Anshan as
opposed to 182.7 U/mL in 112 first graders in Kurihashi-
shi in Japan, there does not appear to be any doubt that
the incidence of wheezing in Chinese schoolchildren is
lower than in Japanese schoolchildren. The incidence of
wheezing and asthma was also found to be lower in
Chinese children than in Japanese children in a report
produced by International Study of Asthma and Allergies
in Childhood (ISAAC)10 and a survey of schoolchildren in
three cities in China.11
According to a summation of annual reports on school
health statistics published by the Ministry of Health and
Education of Japan,12 the prevalence of bronchial
asthma in Japanese schoolchildren has been steadily
increasing. Moreover, when examined nationwide, while
the increases are more marked in urban areas, increases
are also seen in rural cities and this has increased the
prevalence of bronchial asthma nationally in Japan.
These increases have been observed across the entire
age spectrum.12 As causes of these increases, the follow-
ing factors are suspected: (i) qualitative changes in air
pollution (i.e. from SO2 to NO2 and from large particu-
late matter to small particulate matter), especially the
contribution of diesel fuel; (ii) indoor pollution as a result
of building highly sealed houses to save energy, which
facilitates the growth of mites, mold etc.; (iii) the wide-
spread use of indoor heating, tobacco smoke, exhaust
gas from heating equipment and cooking equipment,
formaldehyde etc.; (iv) from indoor furnishings in which
synthetic chemicals have been used. The westernization
of the Japanese diet (increase in consumption of animal
fat etc.) is also cited as a contributing factor but, to date,
no cause for the increase in bronchial asthma has been
specified. However, air pollution in Japan is inferred not
to be the main cause of the increase in bronchial asthma
because the prevalence of bronchial asthma in school-
children in Japan is increasing under conditions of
marked improvement in SO2 concentrations and no
change in NO2 and SPM concentrations, and because of
the low incidence of asthma-like symptoms among
schoolchildren in China, which has higher concentrations
of air pollutants than Japan. A similar phenomenon has
been demonstrated in a survey of children in the former
East German city of Leipzig, which has high concentra-
tions of SO2 and SPM, and in the former West German
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city of Munich, which has low concentrations of both.13
That survey showed a high prevalence of bronchitis in
Leipzig, but a low prevalence of allergic diseases, such as
asthma. The reason for the numerous children in Munich
with allergic disease was thought to be associated with
the West European lifestyle and living environment, and it
was suggested that air pollution, particularly SO2 and
smoke, do not increase allergic sensitization.14
We think that the cause of the increase in bronchial
asthma is contamination of the living environment by
chemical substances. Approximately 100 000 chemical
substances are currently in use and it is said that approxi-
mately 70 000 of these escape into the living environ-
ment and that more than 500 new chemicals are pro-
duced each year. These chemicals are widely used in food,
housing and clothing, and include endocrine disrupters,
and microquantities of these chemicals are thought to have
a negative effect on our endocrine system and immune
system. We think that food contamination in particular, for
example, meat contamination by a variety of chemicals,
such as antibiotics, muscle-augmenting and growth hor-
mones in animal feed, food contamination by agricultural
pesticides, food additives, food preservatives etc., as well
as contamination of drinking water may disrupt the endo-
crine and immune systems and, therefore, we believe that
these chemicals need to be strictly controlled.
While the prevalence of bronchial asthma is also asso-
ciated with a variety of indices of urbanization, food,
housing and clothing contamination appears to have 
followed wherever urbanization has proceeded. If China
follows the same path as Japan, that is, proceeds with
conversion from coal to oil as its energy source, the
popularization of motor vehicles and chemical contami-
nation of food, housing and clothing, there is a risk that
the prevalence of bronchial asthma in Chinese children
will increase in the same way as in Japan. We hear that
the prevalence of bronchial asthma is rapidly increasing
among schoolchildren in Shanghai and Beijing in China
as well. It is hoped that research will be conducted to
determine the cause of the increases in bronchial asthma
and that preventive measures will be established so 
that Chinese children do not repeat the experience of
Japanese schoolchildren.
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